Since 2008, euro-area sovereign yields have diverged sharply, and so have the corresponding CDS premia. At the same time, banks' sovereign debt portfolios featured an increasing home bias. We investigate the relationship between these two facts, and its rationale. First, we inquire to what extent the dynamics of sovereign yield differentials relative to the swap rate and CDS premia reflect changes in perceived sovereign solvency risk or rather different responses to systemic risk due to the possible collapse of the euro. We do so by decomposing yield differentials and CDS spreads in a country-specific and a common risk component via a dynamic factor model. We then investigate how the home bias of banks' sovereign portfolios responds to yield differentials and to their two components, by estimating a vector error-correction model on 2008-12 monthly data. We find that in most countries of the euro area, and especially in its periphery, banks' sovereign exposures respond positively to increases in yields. When bank exposures are related to the country-risk and common-risk components of yields, it turns out that (i) in the periphery, banks increase their domestic exposure in response to increases in country risk, while in core countries they do not; (ii) in most euro area banks respond to an increase in the common risk factor by raising their domestic exposures. Finding (i) hints at distorted incentives in periphery banks' response to changes in their own sovereign's risk. Finding (ii) indicates that, when systemic risk increases, all banks tend to increase the home bias of their portfolios, making the euro-area sovereign market more segmented.
Introduction
Starting from late 2008, the euro area has experienced turmoil in financial markets: interbank markets have virtually frozen, and were replaced by the European Central Bank (ECB) as the main source of liquidity for banks; sovereign debt yields of peripheral euro-area countries have repeatedly spiked above those of core countries; bank interest rates also started to differ systematically across countries; portfolios of financial intermediaries and households have become increasingly biased towards domestic securities. Hence, most of the indicators traditionally considered as gauges of financial integration have started to point towards a reversal in the process of integration that initiated before the inception of the European Monetary Union (EMU), and proceeded in the first seven years of its life. This paper analyses both the dynamics of sovereign yields and the concomitant changes in banks' sovereign portfolios, and explores how the two are related. Our starting point is that euro-area sovereign yield differentials may reflect both differences in sovereign default risk and in countries' exposures to common (or systemic) risk, arising from the danger of euro-area breakup and the implied currency redenomination. Especially since 2010, the budgetary crisis of Greece and its eventual default have obviously refocused investors' minds on the solvency risks of euro-area countries, especially periphery ones. But at the same time media, companies, investors and academics repeatedly voiced concerns about the possible breakup of the euro area. Between late 2010 and 2011 four issues of The Economist featured cover illustrations referring to the breakup of the euro.
1 In November 2011 the Hence, in this paper we proceed in two steps. The first is to decompose sovereign yield differentials relative to the euro-area swap rate in a country-specific component due to sovereign default risk and a common component arising from redenomination risk. To this purpose, we estimate a dynamic twofactor model for euro-area sovereign debt. We validate the interpretation of the common factor as arising from the risk of euro collapse by correlating it with indicators of investors' expectations of the euro breakup based on Google searches and on prediction markets.
Our second step is to explore how these two estimated components of yield differentials contribute to explain changes in the sovereign debt portfolios of euro-area banks. This allows us to discriminate to some extent between three different reasons why banks may change their domestic sovereign exposures in response to a widening differential between the domestic yield and the euro-area swap rate:
(i) High-risk sovereign issuers may exert "moral suasion" on the banks in their jurisdiction to increase their domestic sovereign holdings, in order to support demand for sovereign debt when demand is low, and therefore yields are comparatively high.
(ii) Undercapitalized banks may bet for resurrection by engaging in "carry trades" by going long on high-risk, high-yield sovereign debt, funding such exposures either by going short on low-yield debt or by borrowing from the ECB, as suggested by the bank-level evidence in Acharya and Steffen (2012) : insofar as most undercapitalized banks are in periphery countries, this may result in a home bias in the sovereign portfolios of periphery-country banks.
(iii) In the event of a collapse of the euro, the liabilities of banks in each country (e.g., their deposits) would be redenominated into new national currencies, at the same time as their holdings of domestic sovereign debt. Hence, domestic banks are better hedged than foreign ones against the redenomination risk of domestic sovereign debt: they have a "comparative advantage" in bearing the systemic component of its risk. 6 Thus banks' home bias should be correlated with the systemic component of sovereign risk, but not with its purely country-specific component, which instead should equally affect domestic and foreign investors.
All three stories − the "moral suasion", the "carry-trade" and the "comparative advantage" hypothesis − share a common prediction: the home bias in banks' sovereign portfolios should be positively correlated with sovereign yield differentials. However, the first two hypotheses predict that this correlation should arise irrespective of whether changes in yields are generated by country-level or common risk; in contrast, the third predicts that this correlation should arise only from changes in common risk, e.g. the risk of collapse of the euro. Moreover, since in our sample period sovereign risk and yields increased appreciably only in the euro-area periphery, the first two hypotheses can only apply to periphery-country banks, while the third may also apply to core countries.
We explore the response of euro-area domestic sovereign exposures to their respective yields and their components, obtained from our dynamic factor model, by estimating a vector error-correction model (VECM) on 2008-12 monthly data for ten euro-area countries. 7 When the model is estimated using actual yields, the sovereign exposures of euro-area banks are seen to respond positively to increases in yields in most countries, except Belgium, France and the Netherlands. But this pattern stems from a very different response of sovereign exposures to the country risk factor in the core and in the periphery: (i) in most periphery countries banks respond to increases in the country risk factor by raising their domestic exposure, while in core countries they do not; (ii) in contrast, in almost all countries banks increase their domestic exposures in response to an increase in the common risk factor.
Finding (i) suggests that, for periphery-country banks, and only for those, there is evidence in support of the "moral suasion" and/or the "carry-trade" hypothesis, since these banks increase their exposures in response to increases in country-level sovereign risk, not just in response to systemic euro-area risk. It is worth noting that in equilibrium an increase in country-specific sovereign risk does not need to result either in an increase or a decrease of domestic banks' exposures, unless these banks are either less or more risk averse than the others. In our data, periphery banks appear to behave as if they were less risk averse than other investors, reflecting either government-dictated or opportunistic risk-taking incentives. The resulting increase in the home bias of their portfolios can be attributed to such distorted incentives, rather than to the increase in country-specific risk per se.
Finding (ii) indicates that, when systemic risk increases, most banks -both in core and in periphery countries -"turn back home", by increasing their domestic sovereign holdings. This suggests that increased risk of euro collapse and currency redenomination has led to greater home bias of banks' portfolios, especially in core countries. It is worth noticing that these results can be detected only as a result of the decomposition between the country and the common risk factors: they cannot be deduced only from the regressions based on the actual sovereign yields.
Even though our evidence is compatible with the "carry trade" hypothesis only for periphery banks, we cannot rule out that this hypothesis also holds for core-country banks, but testing it would require data on core-country banks' holdings of periphery debt: under this hypothesis, these banks should respond to an increased yield of periphery debt by increasing their exposure to periphery sovereigns. Unfortunately we cannot perform this test, since a two-entry matrix of euro-area banks' sovereign portfolios by holding and issuing countries is currently unavailable.
The results of our analysis have several implications for policy. First, decomposing sovereign risk into a country-specific and a systemic component allows a better understanding of the motives behind changes in the home bias in the sovereign debt market. As explained above, the increase of banks' sovereign holdings in the periphery cannot be explained entirely as a response to greater systemic euroarea risk, since this increase was associated mostly with increases in country-specific sovereign risk. In other words, it cannot be attributed only to periphery banks' comparative advantage in hedging systemic risk: it must have been also induced to some extent by national regulators' moral suasion or by banks' opportunistic carry trades. We cannot distinguish between these two motives, but in either case the behaviour of periphery banks should be regarded as problematic from the standpoint of a 7 The countries in our sample are Austria, Belgium, Germany, France, the Netherlands (henceforth, the euro-area core countries), and Spain, Greece, Ireland, Italy and Portugal (henceforth, the euro-area periphery countries). policy-maker. If due to moral suasion by national regulators, it indicates that these regulators tended to induce risk-taking by banks in a context where government solvency was at danger, thus enhancing the "diabolic loop" between fiscal solvency and bank solvency deterioration. If due to opportunistic carry trades by banks, it raises concerns about the appropriateness of banks' prudential regulation.
The paper is structured as follows. Section 2 illustrates the recent dynamics of yield differentials, CDS premia and bank sovereign exposures in the euro area. Section 3 uses dynamic factor analysis to decompose euro-area sovereign yield differentials in their country and common components. Section 4 investigates how the home bias of banks' sovereign portfolios is related to the components of yield differentials, by estimating a vector error-correction model. Section 5 concludes by drawing policy implications from our empirical results.
Euro-area sovereign yields, CDS premia and bank exposures: data description
Euro-area sovereign yields, which had converged dramatically right before the inception of the euro, have diverged equally dramatically starting from late 2008: as illustrated by Figure 1 , the cross-country dispersion of interest rates on 10-year benchmark bonds increased steadily, especially in 2010-11, and peaked in late 2011, before abating somewhat in 2012. The figure shows that the increase in dispersion in 2010 arose mainly from the pattern of sovereign yields in Ireland and Portugal, while in 2011 also the sovereign yields of Spain and Italy rose well above those of the core countries (Greece is omitted to reduce the scale of the vertical axis).
The increase in the dispersion of sovereign yields in 2010 and 2011 is paralleled by that of CDS premia on sovereign debt, as shown by Figure 2 : the increases in Irish, Portuguese, Italian and Spanish CDS premia in 2011 and 2012 largely coincided with the respective yield increases. But it is worth noticing that CDS premia already diverged to some extent in late 2008 and early 2009, that is, during the subprime financial crisis, even though at that time yields did not appear to react to them almost at all, except for Ireland. Hence, for the more stressed countries the CDS market appears to have been a more sensitive gauge of sovereign risk than the underlying bond market, in line with Fontana and Scheicher (2010) , who find that since 2008 price discovery takes place in the CDS markets for Italy, Ireland, Spain, Greece and Portugal, and in the bond market for the core countries. Even though in principle a CDS can be replicated by a short position in the underlying risky bond and a long position in a safe bond of the same maturity, its arbitrage relationship with the underlying bond may break down due to short-sales constraints in the cash market, especially at times of great market stress. In these situations, the CDS become the cheapest way to trade credit risk, because of their synthetic nature, and therefore they also become more sensitive to changes in such risk.
Figure 3 allows to compare the time series behaviour of monthly sovereign yields and CDS premia on a country-by-country basis, from September 2008 to October 2012: for each country, it plots the difference between the 5-year sovereign yield and the swap rate for the 5-year maturity and the CDS premia for the same maturity. The two series grow over time and are very closely correlated for periphery euro-area countries and Belgium, for which it is close to 1. The correlation between them is still positive but weaker for Austria and France, is close to zero for the Netherlands, and is negative and significantly different from zero for Germany (-0.72 ). This striking difference can be interpreted as follows: when the risk of sovereign debt increases throughout the euro area, it triggers a "flight to safety" from periphery issuers towards core ones, and especially towards Germany, and therefore it increases the yields of periphery countries while compresses the Bund yield, even though credit risk increases in Germany too. Hence, while the yield differentials of all other euro-area issuers are positively correlated with their respective CDS premia, the German yield end up being negatively correlated with the German CDS premium, whose increase signals greater credit risk for the euro area as a whole -including Germany. Of course, the premise of this argument is that to some extent changes in euro-area sovereign risk have a common component, captured by correlated movements in CDS premia across the euro area. As we shall see in the econometric analysis of Section 3, this is indeed consistent with the data.
Over the same period, the sovereign debt portfolios of euro-area banks have featured an increasing degree of home bias. Figure 4 shows the time series of the domestic euro-area sovereign exposure of banks in two groups of euro-area countries: those of the "core" (Belgium, Finland, France, Germany, Netherlands) and those of the "periphery" (Greece, Ireland, Portugal, Spain and Italy). Specifically, it plots the sum of the monthly values of the euro-area sovereign debt holdings of the banks from each of these two groups (drawn from the SDW database) scaled by the total assets of those banks. 8 The figure
shows that, in both groups of countries, banks' sovereign exposures were considerably larger at the inception of the European Monetary Union than they are now. However, while in both groups of countries banks reduced their domestic sovereign debt exposure until 2008, with periphery banks actually reducing their domestic sovereign exposures proportionately more, they both started increasing it again after 2008, with periphery banks increasing it by more than core-country banks.
One may suspect that the behavior of the time series for the domestic sovereign exposures in periphery and core-country banks illustrated in Figure 4 is driven more by the denominator than by the numerator, namely, is dominated by the time pattern in banks' total assets, rather than by that of their sovereign holdings. To investigate this point, Figures 5 and 6 plot the time series of the level of the domestic and non-domestic euro-area debt holdings of banks in periphery and core countries (in billion euro). The two figures show that also the levels of banks' sovereign debt holdings -not just their ratio to total assets -have a turning point in 2008, and that they behaved quite differently in the two groups of countries starting in the last part of that year.
Specifically, Figure 5 shows that, while after 2008 banks have increased their domestic sovereign debt holdings in both groups of countries, they have done so to a much greater extent in periphery than in core countries: the domestic sovereign debt holdings of periphery banks rose from €270 to €625 billion between October 2008 and March 2012, while those of core-country banks rose from €352 to €505 billion: a 131% increase in the former versus a 43% increase in the latter! Taken together, Figures 5 and 6 indicate that, at least partly, the recent increase in banks' holdings of domestic sovereign debt has resulted from a substitution away from the debt issued by the other group of euro-area sovereigns: starting from 2006, banks in each group of countries have reduced their holdings of sovereign debt issued by the sovereigns of the other group, and therefore have increased the home bias of their sovereign debt portfolios. This reallocation has been relatively modest for banks in the periphery, but very sharp in core-country banks, which have reduced their holdings of peripherycountry sovereign debt from €430 to €248 billion since February 2011. Hence the overall picture is that of core-country banks reallocating their portfolios away from periphery sovereign debt and towards the debt issued by their domestic governments. Indeed, their shift away from periphery sovereign debt has been so large as to exceed their investment in domestic public debt, so that their euro-area sovereign holdings have decreased since late 2010. This has not been the case for banks in periphery countries, whose total holdings of euro-area sovereign debt have sharply increased.
Sovereign yields, country-specific risk and systemic risk
The dynamics of sovereign yield differentials illustrated in Section 2 suggest that since 2008 investors have dramatically reassessed the risk of euro-area sovereign issuers, especially those of periphery countries. However, in principle, this reassessment may have concerned either one or both of two different risks: the default risk of individual sovereign issuers or the currency redenomination risk stemming from the collapse of the euro. While sovereign default risk should reflect mainly countryspecific factors, redenomination risk should stem from common threats to the survival of the monetary union, even though exposure to this common risk may differ across countries depending on their different expected exchange rate adjustment in a post-euro regime (as argued by Di Cesare et al., 2013) . As highlighted in the introduction, this source of common risk loomed large on investors' horizon between 2010 and 2012.
We propose to identify these two components of sovereign risk -a country-specific and a common or systemic one -by estimating a dynamic latent factor model, which partitions the shocks driving the sovereign yields of each euro-area issuer in three components: (i) a common factor, capturing world and euro-area shocks; (ii) a country factor, reflecting shocks to that country's credit risk; (iii) an unexplained idiosyncratic shock. 9 Of these three components, the country factor captures the shocks 9 Dynamic factor models were originally proposed as a time-series extension of factor models previously developed for cross-sectional data. They have the ability to model simultaneously and consistently data in which the number of series exceeds the number of time-series observations. The assumption of a dynamic factor model is that a few latent dynamic factors drive the comovements of a high-dimensional vector of time-series variables, which is also affected by a vector of mean-zero idiosyncratic disturbances. These idiosyncratic disturbances arise from measurement error or from the intrinsic characteristics of an individual series. The empirical evidence shows that these assumptions are appropriate for many macroeconomic series (see for instance Giannone, Reichlin, and Sala, 2004, and Watson, 2004) .
that affect only the yield, CDS premium and financial variables of a specific country, and therefore can be interpreted as the credit risk that concerns only the country itself, without spreading to other countries. The common factor is instead supposed to capture common shocks as well as country-level shocks whose effects spread beyond a specific country, such as those capable of destabilizing the euro area as a whole: for instance, a statement by the Prime Minister of a major euro-area country that raise the likelihood of sovereign default by that country might lead investors to increase the likelihood of collapse of the monetary union, and therefore contribute to the common factor. Importantly, the model allows the same common shock to elicit responses in yields and CDS premia that are completely different in sign and magnitude across countries: hence, the same perceived risk of collapse of the euro may have widely different impacts on different countries.
Our study is related to Ang and Longstaff (2011) , who use CDS spreads to study the nature of systemic sovereign credit risk for the U.S. Treasury, individual U.S. states, and major European countries. They use a multifactor affine framework that allows for both systemic and sovereign-specific credit shocks, and find the sensitivity to systemic risk differs considerably across U.S. and European issuers, which parallels our findings for euro-area countries. Interestingly, Ang and Longstaff document that the highly integrated U.S. sovereign debt market features far less systemic risk than its European counterpart. This is in line with the view that the systemic component reflects mainly the danger of collapse of the common currency in the euro area, a danger clearly absent in the U.S.
Many other studies have analyzed the determinants of sovereign yield spreads and CDS premia. A first strand of the literature has explored the role of country-level variables such as the debt-GDP ratio, the projected fiscal balance and other macro fundamentals, attributing the unexplained component of yield spreads or/and CDS premia to the mispricing of risk due to panic or contagion effects or, in the context of the euro crisis, to the perceived risk of breakup of the common currency (Aizenman et al., 2011; Di Cesare et al., 2013) . Another strand of the literature allows for both country-specific and common factors in the determination of sovereign yield spreads, by regressing spreads on a vector of country-specific variables (especially fiscal and macroeconomic variables) and one that is common across countries, aimed at capturing time-varying global risk aversion or contagion effects. Attinasi et al. (2009) and De Santis (2012) proxy risk aversion by the spread between the US AAA corporate bonds and the US 10-year sovereign bonds, Caceres et al. (2010) estimate it as the market price of risk of a stress event, and Sgherri and Zoli (2009) measure it as a latent common factor in spreads by estimating a first-stage regression. Giordano et al. (2012) not only include country-level and common risk variables, but also attempt to capture contagion by interacting these variables with a post-Greekcrisis dummy variable, and find evidence that country-level fundamentals have a greater impact after the Greek crisis ("wake-up call" contagion), while common factors do not (no "pure contagion").
A possible pitfall of these studies is that they ignore that in some circumstances, country-specific shocks can have effects on several countries, and therefore turn into common shocks: for instance, a fiscal imbalance in a distressed country such as Italy can be perceived as a possible threat to the survival of the euro, and therefore affect yield spreads not only in Italy but also in other periphery countries of the euro area. Our methodology avoids this pitfall by decomposing yield spreads via a latent factor approach that identifies a country-specific and a common component. This allows to quantify the role played by each of these two components without relying on an assumed relation between them and a set of observables, as in the studies discussed above.
Data
Sovereign yields differentials and CDS premia are the main inputs of our dynamic factor model. For each country, we compute the difference between the 5-year sovereign yield and the swap rate for the corresponding maturity. CDS premia also refer to the 5-year maturity. The dynamic factor model includes 15 countries, 10 of which belong to the euro area (Austria, Belgium, France, Germany, Ireland, Italy, Netherlands, Portugal and Spain) and 5 do not (Denmark, Japan, Sweden, United Kingdom. and United States). The data are at monthly frequency and span the time period from September 2008 to October 2012, except for Greece (where we drop the period after April 2012, where the sovereign debt prices becomes purely notional) and the United States (where the CDS premium is unavailable before September 2009).
The yield and CDS series are non-stationary, and therefore they are all differenced in the estimation of the dynamic factor model. However, the correlation pattern just described for their levels is similar when computed on the first differences of both variables.
To proxy for the conditions of the financial system in each country, we use the percentage change in the national stock market indices of all the 15 countries present in our sample. We also include variables intended to capture global risk: (i) measures of the "appetite for risk" at the global and European level, namely the percentage change of the VIX and VSTOXX indices; (ii) measures of the possible concerns for the stability of the euro, namely the percentage change of the euro-dollar exchange rate and of the effective exchange rate of the euro. 
Methodology
To identify the different factors, we impose appropriate zero restrictions in the factor loading matrix. Formally, let c y ∆ denote the first difference of the government bond yield of country c relative to the relevant swap rate, c p ∆ the percentage change in its sovereign CDS premium, and c z its stock market return. Moreover, let 1 ( ,..., ) n x x be a vector of the variables capturing world risk, namely the percentage change in the VIX index, the VSTOXX index, the euro-dollar exchange rate, and the effective euro exchange rate.
To give an idea of the restrictions imposed in the estimation, consider (for simplicity) the case of two countries (c = {1, 2}). Then, the dynamic factor model would be as follows: 
where G f is a global common factor, 1 f and 2 f are the country-specific factors, Λ is the matrix of factor loadings, and ξ is the vector of idiosyncratic errors. The latent factors -whether common or country-specific -are assumed to have an autoregressive structure:
where A(L) is diagonal with two lags, so that the factors are orthogonal, and the errors t u are modelled as AR(1) . The factors are estimated via a two-step procedure: in the first step, they are estimated by principal components and, in the second, by the Kalman filter. The asymptotic justification for this procedure is given in Doz et al. (2011) .
Results
We now present the results of the estimation of the dynamic factor model described above. First, we show that the common latent factor arising from our estimates can be interpreted as the time-varying redenomination risk arising from the potential collapse of the euro. Second, we assess the relative importance of the common and country factors in explaining the dynamics of yield differentials and CDS premia in different countries, by looking at their variance decomposition and by illustrating how the dynamics of the two components differ across countries.
Interpreting the common factor as Euro collapse risk
Figures 7 and 8 shows that the time series of the common factor estimated by our model correlates closely with two estimates of the risk of euro collapse between April 2010 and August 2012.
One way to measure the concern of investors about the risk of euro breakup is to look at the intensity with which such concern translated in their Google clicks, as measured by a Google Trends index that shows how often search-terms related to the collapse of the euro were entered in the Google search engine, relative to the total worldwide search-volume. 11 In Figure 7 , we plot this search volume index together with the estimated common factor: the correlation between the two series is 0.60, and their turning points coincide.
The perceived risk of exit of member countries from the euro can also be gauged from prediction markets. We look at data drawn from the Intrade online exchange, where individuals can take positions (trade "contracts") on whether (non-sports-related) future events will or will not occur. The exit of member countries from the euro area is one such event, and the price of the corresponding contract (relative to its payoff if the event occurs) is an estimate of its probability. Figure 8 plots our common factor together with the probability that any country that used the Euro as of March 12th, 2008 would announce its intention to drop the Euro as its national currency or would be expelled from the Euroarea before the end of 2013, based on Intrade data. 12 This series is even more closely correlated with our common factor than the Google search volume index: the correlation coefficient is 0.74, and again the two series' turning points are synchronized.
Interestingly, our common factor peaks at times when the media expressed particular concern about the sustainability of the euro: in November 2011 the Financial Times reported of multinational companies' preparations for the possible euro breakup, and in May 2012 the Sunday Telegraph published an interview with Lloyds' CEO Richard Ward describing his company's preparations for euro collapse. Conversely, our common factor declined after ECB President Draghi delivered his famous "whateverit-takes" speech on 26 July 2012. 
The relative importance of the common and country risk factors
Identifying the common and country specific factors allows to estimate the fraction of the variance in the yield differentials relative to the swap rate that can be attributed to each of them: the resulting variance decomposition is shown in Table 1 . Three main results emerge from it.
First, country risk plays a dominant role in explaining yield differentials relative to the swap rate, especially for periphery countries and Belgium (not Greece, whose yield is mainly idiosyncratic). In contrast, the common factor affects mainly the German yield, which can be interpreted as reflecting investors' "flight to quality" as they become more concerned about the survival of the euro. Second, the variance decomposition for CDS premia indicates that common risk is important for all euro-area countries, but that its role differs greatly across countries, in line with what is found by Ang and Longstaff (2011) with a different methodology. In particular, common risk plays a minor role in countries that have been involved in a sovereign bailout programme from EFSF/ESM (Greece, Ireland and Portugal). But for most of the euro-area periphery, country-specific risk is also important: this is the case for Ireland, Portugal and Spain, and to a more limited extent for Italy.
Third, common risk appears to explain the bulk of the variability in financial variables: the stock returns in the third block and the volatility and exchange rate measures in the fourth block of Table 1 . In particular, it accounts for over 60% of the variability in the stock returns of almost all euro-area countries, and for over one fifth of the variation in the VIX index.
To interpret these results, it is worth looking at Figures 9, 10 and 11, which show the time patterns of the common and country components of the yield differential and the CDS premium for Germany, Italy and Spain. In all three figures, the solid line shows the actual series (yield differential or CDS premium), the dashed line plots the common component of the series, and the dotted one the country component. Figure 9 shows that the common component explains most of the movement of the German CDS premium and to some extent also of the German yield. In contrast, Figures 10 and 11 show that in Italy and Spain the country component explains most of the yield pattern, while for their CDS premium both the common and the country component play a role. It is worth considering how a rise in the common risk factor affects CDS premia and yield differentials in the three countries in late 2011. Their response is captured by the respective common components (the dashed lines): CDS premia rise in all three countries, but while both the Italian and Spanish yield differentials increase, the German one drops sharply. The opposite happens towards the end of the sample (second half of 2012), when both common and country risks recede in Italy and Spain: all CDS premia decline, and the Italian and Spanish yields also drop, while the German one rises.
The interpretation of these patterns is that common shocks are captured by generalized changes in CDS premia, including those of core countries but relatively larger in the periphery, but they push bond yields in opposite directions, with investors flying away from periphery bond markets towards the core of the euro area, or vice versa.
Home bias in banks' sovereign exposures, yield differentials and systemic risk
Section 2 documents two aggregate patterns in the euro-area market for sovereign debt: (i) the home bias of banks' sovereign debt portfolios decreased until 2009, and then started increasing; (ii) domestic sovereign yield differentials were close to zero until the same date, and then started widening. In this section, we investigate whether these two facts are related, namely, whether banks' home bias (a quantity-based measure of segmentation) is related to yield differentials (a price-based measure of segmentation). As explained in the introduction, a positive correlation between domestic sovereign exposures and yield differentials might arise from three different (not mutually exclusive) reasons:
(i) the "moral suasion" exerted by national regulators on the banks in their jurisdiction to purchase domestic debt when the sovereign experiences difficulties in its placement, i.e. at times when its yield is relatively high;
(ii) the tendency by undercapitalized banks, which are mostly located in the euro-area periphery, to bet for resurrection by engaging in "carry trades" in high-yield sovereign debt, i.e. by buying periphery debt at times of market stress;
(iii) the "comparative advantage" of each country's banks in bearing the currency redenomination risk of their country's sovereign debt, arising from the potential breakup of the euro area.
The first two motivations are compatible with banks increasing their domestic exposures not only in response to greater systemic euro-area risk but also in response to increased country-specific risk; in contrast, the third motivation implies that banks should increase their domestic exposures only in response to greater systemic euro-area risk, as they have no comparative advantage in hedging against country-specific risk. Hence, in this Section we also investigate how domestic sovereign exposures respond to the common and country risk factors that drive yield differentials, so as to shed some light on the mechanisms that have driven the response of banks' domestic exposures during the euro crisis.
Data and methodology
Our analysis proceeds in two steps. First, we estimate a baseline model, where we investigate the dynamic relationships between banks' domestic sovereign exposures and yield differentials between the domestic 5-year government bond yield and the euro 5-year swap rate. Second, we estimate a factor-based model, where the yield differential is replaced by the country and common risk components estimated in Section 3. Beside the 5-year yield differentials relative to the euro swap rate used in Section 3, the data used in the estimation include monthly values of aggregate euro-area banks' exposures to domestic sovereign debt, drawn from the ECB SDW.
14 The sample period ranges from To select the econometric model most suitable for the analysis of the dynamic relationships between banks' sovereign exposures and yield differentials (and their components), we consider several features of the relevant time series. First, although we are particularly interested in the response of sovereign exposures to the sovereign yield differentials, feedback effects from banks' sovereign exposures to interest rate spreads cannot be ruled out. Second, the model should be dynamic, so as to allow for the possibility of gradual short-run adjustment of banks' sovereign portfolios towards their long-run desired composition, due to adjustment costs deriving from illiquidity, uncertainty about the persistence of yield differentials, etc. Finally, in order to have a correctly specified model, we must account for the non-stationarity of all the series in our data sample.
All these motivations lead us to estimate a vector error-correction model (VECM) for each country to analyze the joint determination of its banks' domestic sovereign exposure and yield differential, since this model (i) allows for all possible patterns of time-precedence among variables, 15 (ii) can capture the gradual adjustment of sovereign exposures to long-run equilibrium levels determined by movements in yield differentials, and (iii) can deal with non-stationarity in the data generating process. The preliminary analysis of the data and the specification search (see the Appendix) leads us to the following 2-lag reduced-form specification:
[ ] parameters, β is the n×r matrix of cointegrating parameters, Θ is the n×n matrix of short-run parameters, and γ and Γ are the r×m and n×M matrices of coefficients associated with the restricted and unrestricted deterministic terms, respectively, where r is the cointegrating rank (i.e. the number of cointegration relations) of the system. As usual, our analysis focuses on the parameters describing the long-term relationships among the variables, namely the coefficients in α , which capture the adjustment of each variable in response to shocks (towards the long-run equilibrium if the coefficient is negative, and away from it if positive), and β , which indicate the long-run relationship between variables (positive if the coefficient is negative, and viceversa).
16 15 The presence of feedback effects running from spread (or its components) to sovexp is briefly discussed in the Appendix, drawing on the results of Granger causality tests among the series analyzed here. 16 A negative adjustment parameter indicates that, whenever the error-correction term, say
, is different from zero, the dependent variable adjusts towards its equilibrium level. 16 If instead the estimated adjustment coefficient is positive, then the process for the dependent variable is explosive.
As described in the Appendix, the cointegrating rank of the model in equation (3) is identified through Johansen's trace test for cointegration. This step is crucial to impose the most suitable restrictions and identify the parameters α of the error-correction term, which captures the adjustment of the differenced dependent variables towards their long-run equilibrium levels in response to shocks in the levels of the same variables. Our preliminary analysis suggests to set r = 1 for all countries in the baseline model; Johansen's trace test reveals that r = 2 is instead more suitable to investigate the factorbased model.
The reduced-form VECM in equation (3) is estimated using Johansen's (1995) Italy, we also include a dummy variable in order to account for the long-term refinancing operations (LTROs) executed by ECB as of December 2011. The rationale for the inclusion of this dummy variable is the alteration of the conditions of euro-area financial markets and the subsequent distortion of investors' behavior: the LTROs changed the conditions at which euro-area banks could obtain liquidity from the central bank, so that they may have affected their portfolio decisions; they also affected periphery sovereign yields, by generating a remarkable reversal in their patterns. This dummy need not be included in the specification for Greece, Ireland and Portugal, because their sample excludes observations after December 2011, as explained above.
Results
The results of the estimation of the VECM's for all countries are reported in Table 2 , which shows the cointegrating parameters (β) and the adjustment parameters (α) for domestic sovereign exposures, i.e. the estimated coefficients of the sovexp equation for each country. As regards the baseline model (whose estimates are shown in columns 1 and 2), column 1 shows the cointegrating parameter obtained by imposing a unit restriction on the spread variable. As for the factor-based model (whose estimates are shown in columns 3-6), the cointegrating parameter in column 3 refers to the cointegrating relationship between sovereign exposures and the common factor obtained by imposing a unit restriction on the common variable and a zero restriction on the country variable; the cointegrating parameter in column 5 refers to the cointegrating relationship between sovereign exposures and the country factor obtained by imposing a unit restriction on the country variable and a zero restriction on the common variable. Columns 2, 4 and 6 show the corresponding adjustment parameters. The long-run parameters can be computed as αβ'.
The estimated cointegrating parameters β in the baseline model (column 1 of Table 2 ) are negative and significant in all countries except Belgium, France and the Netherlands, indicating that for most countries in the long run a higher yield spread is associated with a greater sovereign domestic exposure of banks. It is interesting to notice that this positive long-run correlation is present for all periphery countries, but only for two out of the five core countries in our sample. The estimated adjustment parameters α in column 2 is negative and significant at the 5 percent level in all countries, except France, where it is not significantly different from zero, and the Netherlands, where it is significant at the 10 percent level. 17 Finally, the long-run effect of a shock to the yield differential on sovereign exposures is given by the product of the vectors α and β, and is positive for all countries except Belgium, France and the Netherlands: in all countries except these three, a rise in the domestic yield differential prompts an increase of the domestic sovereign exposure of local banks, and their gradual adjustment to a higher steady-state level.
These results are consistent with the impulse response functions (IRFs) of the domestic sovereign exposure to a shock in the yield differential shown in Figure 12 . The IRFs are obtained from a structural VECM specification of the baseline model, in which we impose the restriction that a shock to exposures cannot determine a contemporaneous effect on the yield differential. The solid line indicates the predicted response, while the dashed lines plot the respective Hall bootstrap 95% confidence bounds. 18 In the long run, the response of domestic sovereign exposures is positive and significant for all periphery countries and, among core ones, for Austria and Germany, whereas it is negative for Belgium and insignificant for France and the Netherlands. 19 In all periphery countries (except Ireland), the response features a small initial drop in exposures, which is reversed within two months. This initial dip may reflect the mechanical impact of an increase in domestic yields, which is equivalent to a drop in the price of domestic debt: such a price drop, if not sufficiently compensated by a buildup in exposures, mechanically translated into a drop in the market value of sovereign exposures.
Further, we investigate the effect of domestic sovereign exposures on yield differentials by looking at the IRFs of the yield differential to a shock in domestic exposures. As illustrated in Figure 13 , all countries (except Spain, Italy and Germany) show a negative long-run response of their domestic differentials to an increase in domestic exposures. Hence, in these countries, increases in banks' domestic exposures effectively curb investors' concerns over sovereign solvency and contribute to tightening yield differentials. However, in Spain and Italy, a shock in banks' sovereign exposures appears to trigger an increase of the domestic yield differentials. A possible interpretation is that a greater bank exposure to sovereign risk increases investors' concerns about the solvency of the banks themselves and therefore about their eventual bailout by the respective government, thus prompting them to require a higher yield on its sovereign debt.
Turning to the factor-based model (whose estimates are shown in columns 3-6 in Table 2 ), for the sake of brevity it is worth focusing directly on the product of the coefficient vectors α and β, which captures the dynamic response of domestic sovereign exposures to the common component (columns 17 The estimates indicate that domestic sovereign exposures adjust faster in response to shocks in program countries: sovexp t adjusts by more than 25 percent towards its equilibrium level within a month in Greece, Portugal and Ireland. Instead, core countries (except Germany) and Spain feature a slower adjustment, whereby only 10 percent (or less) of the error is corrected within a month.
3-4) and to the country component (columns 5-6) of the yield differential. The response to the common risk factor is positive for all countries except Italy (where it is negative and significant) and not significant for Ireland and Portugal. This indicates that for most countries when there is an increase in systemic risk, local banks increase the home bias of their sovereign debt portfolios, consistently with the "comparative advantage" hypothesis. In contrast, the response to the country risk factor differs considerably across countries: in core countries (except Austria), an increase in country risk prompts local banks to reduce significantly (Germany and France) their domestic exposures, or not to change them significantly (Netherlands and Belgium); in contrast, in periphery countries and Austria, it leads local banks to increase their domestic exposures significantly, the only exception being Spain where the response is not significant. 20 However, the product of the coefficients α and β does not provide a full account of the dynamic response of domestic sovereign exposures to shocks in the common and country components of the yield spread. To this purpose, we identify structural IRFs by imposing the following restrictions:
(i) only the common and the country shocks have a permanent effect;
(ii) the common and the country shocks do not contemporaneously affect each other; (iii) a shock in the domestic sovereign exposure has no contemporaneous impact on the global factor.
The resulting IRFs are shown in Figure 14 , where the graphs on the left show the response to a shock in the common factor, and those on the right the response to the country factor.
The common risk factor leads to a significant increase in domestic sovereign exposures in all the core countries except Belgium. The same applies to Greece, Italy and Spain, although initially Italian and Spanish banks feature a dip in their domestic sovereign exposure (again, possibly explained by the mechanical impact of the drop in price on the value of their exposures). Instead, the response of sovereign exposure in Ireland and Portugal is not significantly different from zero. Hence the IRFs confirm that in most countries an increase in systemic risk leads to an increase in domestic exposures.
The country risk factor prompts domestic sovereign exposures to decrease significantly in the core countries (except Austria, where the effect is positive and significant), and to increase in the periphery (except for Spain, where the effect is positive but not statistically significant). Hence, for the periphery countries (except possibly Spain) the evidence cannot be explained by the "comparative advantage" hypothesis, which predicts a positive response of exposures only to the common factor. Since exposures appear to increase also in response to increases in country-specific risk, in the euro-area periphery the "moral suasion" or/and the "carry trade" hypotheses must have played a role.
Summary and policy implications
This paper analyses the dynamics of sovereign yields in the euro-area crisis that unfolded since 2008 and the concomitant reshuffling of the sovereign debt portfolios held by banks, and the relationship between these two phenomena. We proceed in two steps. First, using a dynamic factor model we decompose yield differentials in a country-specific and a common (or systemic) risk component, in order to assess to what extent the increase in euro-area yield differentials is a reward for differential default risk as opposed to a reflection of the differential exposure to common (or systemic) risk. Our estimate of the common risk factor correlates closely with two indicators of investors' concerns about the danger of breakup of the euro area, one being the frequency of relevant terms searches in Google and the other being the euro-area breakup probability drawn from a prediction market.
Next, we investigate how the changes in the exposures of banks to domestic sovereign risk is related to the changes in yield differentials and in their two components, as estimated in the previous step. We perform this second step by estimating a vector error-correction model on 2008-12 monthly data. We find that the domestic sovereign exposures of banks in most euro-area countries respond positively to increases in yields, especially in periphery countries. When yield differentials are decomposed in their country-risk and common-risk components, we find that: (i) in most of the periphery countries (plus Austria), banks responded to increases in country risk by increasing their domestic exposure, while in core countries they did not; (ii) in contrast, in most euro-area countries banks reacted to an increase in the common risk factor by raising their domestic exposures.
Finding (i) indicates that in the euro-area periphery banks responded to increases in their own sovereign's risk by increasing even further their exposure to such risk, in line the "moral suasion" and the "carry trade" hypotheses. Finding (ii) indicates that most euro-area banks have responded to greater systemic risk by increasing the home bias of their portfolios, consistently with the "comparative advantage" hypothesis. Each of these findings are problematic from a policy standpoint and, also depending on their interpretation, they have different implications for policy.
Dealing with "moral suasion by regulators"
Suppose that our finding (i) -namely, that periphery banks have increased their domestic sovereign exposures in response to a rise in their relative yield -is due to moral suasion by their regulator, concerned by the distressed state of the domestic sovereign's finances. Under this interpretation, regulators themselves tended to induce risk-taking by banks in a setting where government solvency was already at danger, thus enhancing the "diabolic loop" between fiscal solvency and bank solvency deterioration. This problem, if present, should be eliminated or at least mitigated by the introduction of the planned euro-area banking union, since the prudential policy of the "single supervisor" entrusted to the ECB would inevitably be more insulated from the pressure of national governments. The rationale for this impending policy change is reinforced by the fact that it is becoming increasingly clear that, when euro-area governments are fiscally distressed, they are no longer the only ultimate backstops of their domestic banks, as illustrated by the contribution of the European Stability Mechanism (ESM) to the recapitalization of Spanish banks since late 2012: it is then consistent that, ex ante, a Euro-area bank supervisor should constrain the bets that euro-area banks, especially distressed ones, can take on the bonds issued by their equally distressed sovereign.
Dealing with "search for yield by banks"
Our finding (i) could equally well be interpreted as the result of periphery banks increasing their sovereign exposures to search for yield, especially considering that many of these banks were undercapitalized and could borrow cheaply from the ECB: if successful, their sovereign-debt carry trades would help them to shore up their capital ratios. Indeed, Acharya and Steffen (2012) and Buch, Koetter and Ohls (2013) provide evidence that less capitalized banks and banks that are more dependent on wholesale funding invest more in sovereign debt than others. A variant of this "carry trade" story, which is often heard when talking to euro-area bankers, is: "if my sovereign defaults, also my bank goes under, so I can ignore the default risk of my own sovereign". This argument may contribute to explain why such carry trades by banks have been far more prevalent in fiscally distressed countries than in fiscally sound countries. While such behaviour may appear rational from a bank's individual standpoint, it is no less socially inefficient than if it were motivated by moral hazard: since it leads the banks of the fiscally distressed country to overexpose themselves to sovereign risk, it also makes them more likely to require a bailout in the event of an increase in domestic yields. Insofar as this increases their demands on the public finances of their country in bad states of the world, it also exacerbates the chances that their sovereign will be distressed. In other words, however motivated, banks' carry trades strengthen the diabolic loop between financial instability and fiscal distress.
Discouraging carry trades would require revising the prudential regulation of sovereign exposures in the euro area, by scrapping the current preferential treatment of sovereign exposures in the euro area: currently, euro-area banks face no capital requirement (a "zero risk weight") for sovereign holdings of euro-area debt, irrespective of its sovereign issuer; 21 moreover, sovereign holdings are exempted from the "large exposures regime", which limits exposures to a single counterparty to a quarter of their eligible capital. Such regulation makes it particularly attractive for euro-area banks to invest in eurodenominated sovereign debt, especially high-yield debt, and especially considering that they can fund such investments by borrowing at low rates from the ECB. In principle, such carry trades can be discouraged either by imposing positive risk weights on sovereign debt in computing banks' capital or by imposing limits on banks' exposure towards each single sovereign issuer, hence requiring them to diversify their sovereign portfolios. Each of these two choices is not without problems: on one hand, the responsiveness of banks' portfolio choices to the level of risk weights on sovereign exposures is unknown, and in practice may be quite low in the presence of very profitable carry trades, so that risk weights could prove ineffective; on the other hand, setting limits to exposures vis-à-vis each single sovereign issuer would require most euro-area banks to undertake very substantial portfolio adjustments, which may result in gyrations in relative yields in the euro-area sovereign debt market.
However, there are ways to guide the banks' portfolio reallocation process smoothly in the direction of greater diversification: for instance, the limit on sovereign exposures could be imposed very gradually; moreover, euro-area banks may be exempted from this limit altogether insofar as they were to invest in a well-diversified portfolio of euro-area sovereign bonds rather than in those of a specific sovereign issuer. In this respect, the portfolio reallocation process could be made smoother by the introduction of European Safe Bonds, as proposed by the Euro-nomics Group: a European Debt Agency (EDA) could buy a GDP-weighted portfolio of bonds from euro-area sovereigns, and use them as collateral to issue two securities. The first security, European Safe Bonds or ESBies, would be a senior claim on the payments from the sovereign bonds held in the portfolio. The second security, European Junior Bonds, would have a junior claim on these payments -that is, it would be first in line to absorb whatever loss is realized in the pool of sovereign bonds that serve as collateral for these issues. That is, any failure by a sovereign state to honour in full its debts would be absorbed by the holders of the junior tranche security, not by the EDA, any Euro-area entity or the European Union. Owing to the diversification of country-specific risk and to their seniority, ESBies would have virtually no exposure to sovereign risk, and therefore would be an ideal asset for euro-area banks to diversify their sovereign portfolios. 
Dealing with the fallout of redenomination risk
What about the policy implications of our finding (ii) -namely, that even in core countries euro-area banks have responded to greater systemic (or redenomination) risk by increasing the home bias of their sovereign portfolios? As already mentioned, this response would appear completely consistent with economic rationality and market equilibrium: in the event of euro breakup, the banks of each country would be better positioned to bear the brunt of redenomination of domestic sovereign debt in the new national currency, as their deposits would also be redenominated in the new currency. Insofar as redenomination risk gives them a "comparative advantage" in holding domestic debt relative to foreign banks, home bias in the euro-area sovereign debt market is an equilibrium phenomenon. Incidentally, such an outcome has probably been reinforced by "ring-fencing" by the regulators of core countries, who are often reported to have pressured the banks under their supervision to shed periphery-country debt in favor of core-country debt, in late 2010 and in 2011.
The only way to address this source of segmentation of euro-area sovereign bond markets -and more generally of euro-area debt markets -is to address the credibility issue, as was done by Draghi's "whatever-it-takes" July 2012 speech and subsequent inception of the Outright Monetary Transactions (OMT) program: by creating the credible threat that the ECB could buy the sovereign debt of distressed euro-area countries, the ECB reduced investors' estimate of the probability of a possible euro breakup.
Nevertheless, the degree of segmentation of euro-area debt markets remains high: in each member country, banks are still the almost exclusive source of funding for both the domestic sovereign and the local private sector, so that their private-sector lending tends to be more severely crowded-out in countries with larger stocks of public debt such as Italy and Greece. At the same time, even though cross-country differences between domestic interest rates have considerably abated, at the time of writing they are still non-negligible, and may spike again if investors' concerns about the survival of the euro were to reignite. Appendix. Preliminary data analysis and specification search for the regressions of Table 2 This appendix presents the preliminary steps that lead to the specification of the VEC model whose estimates are presented in Table 2 .
The first step is to control for the presence of unit roots in the data generating process (DGP). Taking a conservative approach, we carry out Augmented Dickey-Fuller (ADF) tests for all the time series and sampled countries within regressions with an optimal lag order (selected on the basis of the SchwarzBayes Information Criterion, SBIC, and the Hannan-Quinn Information Criterion, HQIC) and a constant drift. The results, reported in Table A1 , hint at the presence of unit roots in every country's time series for the euro-area swap rate (swap), the domestic sovereign debt yields (yield) and the common component of domestic yield differentials (common). There is slightly weaker evidence of the presence of unit roots for the domestic sovereign exposures as a fraction of banks' total assets (sovexp), the domestic yield differentials (spread) and the country component of differentials (country). In particular, for Greece, Portugal and Austria, the null hypothesis of unit roots in both sovexp may be rejected at the 5% significance level (but not at the 1%); the Netherlands' yield differential is not significantly affected by unit roots at the 5% either (but it is at the 1%); finally, Germany, France and the Netherlands' country-level components do not display unit roots at conventional significance levels.
The second preliminary step addresses lead-lag relationships in the data. A Granger causality test is carried out on the sampled level time series. As a caveat, notice that such a test only verifies the presence of pairwise causality between two variables, hence disregarding potential effects due to other factors. As shown in Table A2 , the estimates reveal that for periphery countries the variables are deeply interconnected: the null hypothesis of no Granger causality is mostly rejected (at the 10% significance level), in particular regarding the direction of causation from spread to sovexp and vice versa. On the basis of this first tests, a feedback loop does not seem to occur in core countries, where sovexp Granger causes spread but the opposite is not true (except for Austria). Notice that no signs of reverse causality between sovexp and spread emerge in Portugal at standard significance levels. As for the components of yield differentials, the strongest causation relationship runs from common and country (considered altogether) to sovexp: no signs of Granger causality emerge in Belgium only. Further, sovexp, together with common (country), apparently drives feedback effects towards country (common) at standard significance levels.
These two preliminary results indicate the presence of non-stationarity issues in the data and underscore the need to take into account the joint dynamics of domestic sovereign exposures, domestic sovereign yield differentials and their components. A vector error-correction model (VECM) has the necessary flexibility to deal with both of these issues. In searching for the specification of the VECM, we focus first on the determination of the cointegrating rank, i.e. the number of cointegration relations. Notably, we intend to verify whether long-run relationships, i.e. common stochastic trends, emerge in different dynamic systems including domestic sovereign debt exposures, domestic sovereign debt yield differentials and their components, common and country.
We carry out a Johansen's trace test in order to search for the correct specification of the VECM: the results are shown in Table A3 . An analysis based on SBIC and HQIC indicates that the VECM models for different countries should include between zero-and two-lag differences of the endogenous variables. In order to achieve the best combination of simplicity and accuracy for the model, we recognize and account for the country-specificity of the considered time series. Notably, the final specification for each country's VECM is selected in light of ex-post model-checking tests (not reported), concerning (i) a stability analysis (control of eigenvalues, obtained both from the corresponding VAR companion form representation and the recursive estimation with all sampled residuals) and (ii) a residual analysis (Portmanteau and Lagrange Multiplier tests for autocorrelation in the residuals at different lag lengths and Lomnicki-Jarque-Bera test for non-normality). Hence, we opt for different specifications for the sampled countries, as shown in the table. The reported results for deterministic terms support a specification with cointegrating rank equal to 1 and 2 in the baseline model and in the factor-based model, respectively, for each country. The reported results for optimal lag orders refer to model specifications including the selected deterministic terms; where results from SBIC and HQIC differ, we carry out a recursive elimination of lag differences starting from the largest number of lags indicated by the two IC.
